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2INTRODUCTION.
Of late years great advances have been made in the construc­
tion of reinforced concrete bridges, and although most contractors 
follow the same general method, nevertheless in all cases the 
manner of construction has to be adapted to the conditions under 
which the worK is to be done. The reinforced concrete bridge at 
Geneva, Illinois, resembles in appearance many bridges erected 
within the last ten years its design follows quite closely 
the standard practice of today, still, in its construction a few 
novel features were introduced.
The object of this thesis will be to record as accurately 
as possible the methods of construction, the cost and any new 
features or mistakes. This thesis will be divided into four 
part3:-
1. Description of bridge.
2. Methods of construction.
3. Cost.
4. Discussion and Criticism.
3DESCRIPTION OF BRIDGE.
The design of the reinforcing in this bridge is of the same 
general character as that used in the Main Street bridge at St. 
Charles, Illinois. These bridges are the only two, as far as 
known by the engineer in charge, using this system of reinforce­
ment.
LOCATION.
The bridge was to replace the State Street bridge across the 
Fox River at Geneva, Illinois. The old structure consisted of a 
four span pony Pratt truss bridge. Each span was seventy-five 
feet long and consisted of twelve panel3 each.
The dam of the Geneva Dam Company is situated three hundred 
feet up stream from the bridge and consequently the water is very 
low at the site of the bridge. The average depth of the water is 
three feet, with a maximum depth of eight feet at the time of 
extreme high water.
The old bridge was simply a highway bridge and, in order to 
carry the tracks of the Chicago, Wheaton and Western Railroad 
across the river at this point, it was found necessary to supplant 
the old one with a structure capable of carrying the heavy inter- 
urban cars.
DIMENSIONS.
The whole length of the bridge is 456 feet and the width is 
50 feet. The roadway consists of two seven foot cement walks with 
curbs and a thirty four foot macadam pavement. The bridge is 
composed of 3even two hinged arches, 3ix of 56 feet span and one, 
over the tail race at the east end, with a 42 foot span. This 42 
foot span wa3 U3ed at the east end because of a peninsula that
has been built out into the river in order to form a tail race for 
the Bennett Hilling Company. The peninsula is, approximately, 50 
feet wide and one 56 foot arch spans it before reaching the main 
stream. The distance from average low water to the top of the 
coping of the bridge at the two abutments is 15 feet 9 inches and 
this is increased to 17 feet 9 inches at the center of the bridge. 
The elevation of the abutments of the new bridge above average low 
water is the same as the elevation of the old bridge.
CONCRETE.
The specifications for the proportions of cement were as 
follows,-
"For piers and abutments, a density proportion based on i:o 
shall be used, i.e., one part of cement to a total of nine parts 
of 3and and stone measured separately. (That is, approximately 
one part of cement to three part3 of sand to six parts of broken 
stone, the proportions of sand and broken stone being so varied 
as tc give an excess of mortar.)"
"For arch rings, 3pandrel walls and pilasters a density 
proportion based on 1:6 shall be used, i.e., one part of cement 
to a total of six parts of sand and broken stone measured separ­
ately. (That is, approximately one part of cement to two parts 
of sand to four part3 of broken stone, the proportions of sand and 
broken stone being so varied as to give an excess of mortar.)"
"For the balustrade a proportion of one part of cement to 
three parts of sand shall be used."
The total amount of concrete used, not including that in the 
balustrade, was 3944 cubic yards. Of this, 668 cubic yards were 
used in the footings, 1156 cubic yards in the piers, abutments 
and ice breakers, 499 cubic yards in the spandrel walls and 1621
5
cubic yards in the arch rings. Or in other words, 1823.5 cubic 
yards of the 1*.9 mixture were used and 2120.5 cubic yards of the 
116 mixture. No broken 3tone was used in the concrete, but 
instead a bank gravel varying in size from 3and l/8 of an inch 
in diameter to a rock one inch in diameter. This gravel was 
donated to the city by the C. & N-W. R. R. and was hauled by 
team from its pit a half mile from the site of the bridge.
All the concrete was mixed in two 14 cubic foot Chicago mix­
ers and was handled by using either wheel barrows or small push 
cars. Two temporary trestles were built, one from the east and 
one from the west end, and these were advanced as fast as the work 
progressed. The concrete was dumped into place from the cars run 
run on these trestles.
REINFORCEMENT.
All of the concrete in the arches and spandrels was rein­
forced, the rails in the arches extending a short distance into 
the piers in order to give a suitable bond. Altogether, 109.56 
tons of iron were used in the reinforcement of the bridge. Of 
this, 16.05 tons were used in each 56 foot arch and 13.26 tons in 
the 42 foot arch. These weights include the steel in the 
spandrel which weighed but 922 pounds in the 56 foot arches and 
538 pounds in the 42 foot arch. As stated before there are but 
two bridges using thi3 type of reinforcement.
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METHODS OF CONSTRUCTION.
TEMPORARY BRIDGE.
A3 soon as work on the new bridge was begun the old one was 
closed to traffic; but in the mean time a temporary bridge had 
been built across the river below the site of the old bridge.
As the river is comparatively shallow little trouble was found in 
erecting this structure. Across the tail race a wooden span was 
put in because of the fact that the east bank is high. In the 
river proper where the water was less than two feet deep, three- 
foot tiles covered with cinders were used as showai in the 
illustration (Pig. { ). This bridge had a low first cost and 
accommodated a rise of water of three feet although the wooden 
structure had to be weighted in order to keep it from floating 
away.
HANDLING OF MATERIAL.
Much of the material for the bridge was stored in the yards 
of the Wheeler Construction Company a quarter of a mile away and 
hauled to the bridge as needed. It was found necessary to have 
some lumber on hand and this was stored to great advantage on the 
peninsula as shown in the illustration (Pig. 2^ ). Some of the 
lumber was also stored on the island.
The gravel as needed was hauled and dumped at the ends of the 
bridge and handled in wheel barrows. When the footings were all 
in and work was started on the arches, a concrete mixer was 
placed at each end of the bridge and the concrete handled by means 
of dump cars. At the center of each arch a turntable was placed 
and two arches were built at the same time. By means of the 
turn table the concrete could be carried to the extreme side of 
the arch and dumped, thus saving much labor in handling. The_____


Sketch S h o w in g  General Arrangem ent of , T u rn  Tobies,
Switches and Storing of Material.
F i g S .
CD
2=3
10
man in charge of the mixer dumped the machine and one car was 
filled every two minutes. Two cars were used running back to the 
switch by gravity. Upon arriving at the switch, they were side 
tracked while a loaded car was drawn by means of a horse and 
pulley up to the turntable. As soon as the loaded car passed the 
switch the empty car was released and finally stopped at the mix­
er by means of a block. It was then ready to be filled. 
FOUNDATIONS.
In putting in the footings for the bridge, cofferdams were 
used and all the foundations were placed on the solid rock. The 
specifications state that the foundations must extend one foot 
into the solid rock and therefore the rock had to be broken by 
dynamite. The rock was a yellow limestone stratified and very 
easily broken. At the west abutment the rock was so friable that 
the dynamite was found to do no damage to the rock and therefore 
about a foot of the material had to be excavated with pick axes 
before a rock of solid character was encountered.
COFFERDAMS.
Wooden cofferdams, as shewn in the illustration, were used. 
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These cofferdams were built on the shore and floated out to 
their respective places. They were located approximately by bor­
ing a hole in the floor of the old bridge and dropping a plumb bob 
This gave the center of the cofferdam. A transit was then set up 
on the we3t bank and, by means of the nails as shown in the illus­
tration, the dam was located very nearly correctly. The sheeting 
which was 2 x 6  inch matched boarding, was driven by hand, a heavy 
oak maul being used. The bottom of the river consisted mostly of 
broken fragments of limestone and therefore the sheeting did not 
penetrate very far into this material.
The water was pumped out of the dam by a four inch centrif­
ugal pump made by the American Well Works at Aurora and driven by 
a 10 H.P. single phase motor. The leaks that were found as the 
work progressed were stopped very effectually with manure placed 
on the outside of the sheeting.
EXCAVATION.
All the excavating wa3 dene by hand. The material was 
placed in wheel barrows and dumped around the cofferdam thus to 
some extent aiding in preventing leaks. As the work progressed 
the material was excavated under the 3heet piling which was con­
tinually being driven down by a man employed for that purpose.
When the excavation had proceeded so far that it was unhandy tc 
shovel the material directly into the wheel barrows, platforms 
were erected on the framework of the cofferdams and on these the 
material was thrown up from below. Prom here the material was 
thrown into the wheel barrows. The framework of the cofferdam 
was driven down as the excavation became deeper and in this way 
cave-ins were prevented.
___________________________________________ _____________
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CONCRETE ITT FOUNDATIONS.
When the material inside the cofferdams was excavated the 
concrete mixer and motor house were hauled upon the bridge and 
placed a little to one side of the cofferdam. The flooring of the 
bridge was torn up and sheet steel chutes were used in placing the 
concrete. The gravel was hauled upon the bridge and dumped at the 
foot of the runway, thus making easy the wheeling up to the mixer.
M ethod of Putting Concrete in  Footings,
FORMS.
A very rough form was made for the footing and was braced 
against the sides of the cofferdam. All of the footings were 
brought to the same elevation when completed and therefore the 
bottom of the piers were all at the same height. All of the foot 
ings were completed before any work was done on the pier3 or 
arches and the footings were started at the east end of the
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bridge and taken in order to the west end, thus allowing the 
wrecking gang to tear down the old bridge as the work advanced 
but still allowing the mixer to be placed on the old bridge in 
sealing the foundations.
Pier No. 5 of the new bridge coincided with one of the old 
piers and therefore it was found necessary to block up the bridge 
in order to tear down the pier. When the old pier was removed 
and the material excavated fot the new pier, the mixer was again 
placed on the bridge and the footing filled as before.
FORMS.
The lumber used for the forms was mostly hard pine, but 
included a small amount of hemlock. All the lumber used for face 
work was dressed on one 3ide so as to give a smooth surface to the 
concrete.
The pieces of the arch ring centers were made in the mill of 
the Wheeler Construction Company, hauled to the site of the new 
bridge and bolted together. One complete arch ring was finished 
at a time 30 as not to waste any lumber. A pattern of the rib 
for the complete ring was first made. This pattern was almost 8
feet long and ten holes were 
bored in it for bolts to pass 
through in order to fasten the 
ribs together. Although it
Patte rn
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took considerable time to bore the holes, put in the bolts, and 
tighten them, it was decided that this would be more economical 
than nailing the ribs together on account of so much lumber being 
spoiled in taking them apart.
In making the rib3, 2 inch x 12 inch x 16 foot plank3 were 
used and these were marked from the pattern so as to make two
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ribs. After the plank was marked It was sawed in two, then the 
arc of the circle was cut out and finally the ten holes were 
bored. After the first arch rings had been completed the workmen 
saved much time in so placing the lumber that it could be very 
easily handled. The centering for the arche3 was built as shown 
in the illustration.
The forms for the piers were first made and then all of the 
arch rings erected, resting upon the sills braced against the 
piers. Next all of the upright posts were sawed off to the exact
heights and braced as shown in Fig.4.The cap3 were then placed'
on the posts and the wedges followed by another cap. By this 
means the arch could be raised as much as four inches.
The spandrel wall was not 
made until the arch was com­
pleted. In making the forms 
for the spandrels the lagging 
was allowed to extend three 
feet beyond the arch ring and 
the form was made as shown 
in Fig. 5 .Fig5
INSPECTION OF BRIDGE.
The Robert W. Hunt Company of Chicago by a contract with the 
City of Geneva agreed, for a consideration of #1000, to keep one 
man at the bridge to over^see the construction of the bridge and 
te3t all the cement used. The testing of the cement consisted of 
the standard tests and copies of each test were sent to the in­
spector, the City of Geneva, and the Wheeler Construction Company. 
The inspector submitted a report each day showing the amount of
work accomplished and the number of men employed. J
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COST OF CONCRETE IN ARCHES
Material, proportion 1 to 6.
.97 cubic yards of gravel at #.25 per cu. yd. 
1.57 barrels of cement at #1.40 per bbl.
16.05 tons of steel at #.015 per lb.,
135 lbs, per cu. yd.
Labor.
Labor and superintendence per cu. yd.
Cost of power at #.50 per hour, per cu. yd.
One horse at #3.00 per day per cu. yd. 
Depreciation of equipment
Placing steel, 6 men 2 days at #2.00 per day,
per cu. yd.
Lumber.
Arch rings, 5180 ft. at $9.00 per M #46.60,
per cu. yd.
Lagging, 6720 ft. at #5.00 per M #33.60,
per cu. yd.
Uprights, 2100 ft. at #10.00 per M #21.00
per cu. yd.
Caps, 3816 ft. at #3.00 per M #11.45, per cu. yd.
Work on forms.
Arch rings, 2 men at #3.00 per day for 4 days,
per cu. yd.
Bolting arch rings, 3 men at #2.00 per day
for 2 days, per cu. yd. 0.047
-- ---- #0.144
Erecting arches.
8 carpenters at #3.00 per day for 3 l/2 days
#84.00, per cu. yd. #0.344 
Superintendence #14.00. per cu, yd. 0-057 #0.401
Total 9 6 - 5 3
This estimate is based on work performed in one week includ­
ing Sunday when the laborers and carpenters received time and one 
half for their work. The low cost of the gravel is due to the 
fact that the gravel was donated to the city by the Chicago and 
northwestern Railroad and the only cost involved was the hauling
# .244 
2.210
2.050
#4.484
#0.711
0.046
0.028
0.006
0.048
#0.839
#0.191
0.137
0.086
0.048
#0.462
#0.097
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the concrete, the p\imp was not run all the time but a boy was 
stationed at the pump all the time the men were working in the 
pier.
COST OF ROCK EXCAVATION.
2 drillers 5 hrs. at $2.00 per day, per cu. yd. #0.118 
10 laborers 5 hours at $2.00 per day, per cu. yd. 0.589 
Compressed air 5 hours at $.75 per hour,
per cu. yd. 0.220 
44 sticks of dynamite at $12 each, per cu. yd. 0.311 
40 caps at $.04 each, per cu. yd. 0.094 
Power for pump at $.42 per hour, per cu. yd. 0.124 
Care of pump at $.10 per hour, per cu. yd. 0.029
Total $1,485
The rock excavated was a soft stratified limestone easily 
broken by the blast of dynamite. Four holes were drilled across 
the pier and a stick and a half of dynamite placed in each hole. 
This was the first charge and after this the holes were drilled 
four in a row four feet apart and one stick of dynamite placed in 
each hole. The rock was broken into small pieces and easily 
placed on wheel barrows by the laborers. The compressed air for 
the drills was furnished by the municipal power plant at the rate 
of #0.75 per hour and piped across the river to the pier under 
construction.
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DISCUSSION-AMD CRITICISM.
As the work progressed there was found to be a discrepancy 
between the plans and the specifications. In the specifications 
there is a clause a3 follows;- "The concrete in the spandrel 
walls shall not be placed until the centering under arches is 
lowered, leaving the arches free from the centering." This con­
tradicts the plans which show thw arch and the spandrel to be of 
monolithic construction. It was found impracticable to build the 
spandrels and the arch together as shown on the plans and there­
fore the spandrel was put on after the completion of the arch.
As the plans show no reinforcement extending from the arch into 
the spandrel, the only thing that holds the spandrel on the arch 
is the friction between the two.
During the last winter, water found its way between the 
spandrel and the arch and large icicles formed in places making 
a large crack. It is merely a question of time when some remedy 
will have to be found for this fault.
On the construction work there was but one foreman for about 
forty laborers and as the men were often divided into three or 
more gangs this gave the® a good chance to loaf, and in 
many cases resulted in poor workmanship. This state of affairs 
could have been very easily remedied by leaving one of the more 
intelligent workmen in charge of the gang, thus having some one 
responsible for all parts of the work.
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